Comparison studies of the perovskite compounds system R 1Ϫx Ca x MnO 3 (RϭLa, Bi) by both Mn K ␤ -emission spectroscopy and x-ray-absorption near-edge spectroscopy ͑XANES͒ are presented. The insensitivity of x-ray-emission measurements to structural distortions coupled with the sensitivity of x-ray-absorption near-edge measurements to changes in both structure and valence enable one to detect the presence of structural distortions, such as local Jahn-Teller ͑JT͒ distortions. Theoretical XANES computations for pure cubic perovskite and locally distorted endmembers are used to show the effect of distortions on XANES spectra as well as to comment on the nature of the pre-edge features in the spectra. We show by explicit computations that the near-edge spectra are determined by dipole transitions while pure 1s to 3d electric quadrupole transitions determine a very limited section of the pre-edge region. Simulations of the pre-edge features reveal a direct connection between local distortions and the a1 feature amplitude. The Bi-containing system is found to have significantly higher levels of distortions than the La system. XANES studies of the AMnO 3 ͑AϭLa, Pr, and Nd͒ system reveal a direct relationship between the main line width and the magnitude of the JT distortions.
I. INTRODUCTION
Interest in orbital ordering, charge ordering, and JahnTeller ͑JT͒ distortions in the manganite system T 1Ϫx D x MnO 3 ͑Tϭtrivalent cation, Dϭdivalent cation͒ was kindled recently due to experiments by Murakami et al. 1 It was claimed that by tuning across the Mn K-edge in resonant inelastic scattering, one is able to probe directly the orbital and charge ordering. Based on an atomic model of the Mn K-edge x-ray-absorption spectra, they argued that the Mn 4p levels were split by orbital ordering of the Mn e g orbitals. More recent band structure computations (LSDAϩU) have revealed that the spin-polarization dependence of the K-edge absorption cross section ͑obtained from the density of states͒ is determined by band structure effects rather than by local Coulomb interactions.
2 Moreover, polarized full multiple scattering computations show that JT distortions are the primary producers of the polarization dependent splitting of the main line. 3 Hence the electronic and structural changes in the Mn K edges of manganites as a function of cation type and x, may reveal fundamental structural and electronic properties of these materials. Consequently, a thorough study of the absorption edges is necessary in order to properly assess the origin of the observed features. The question of whether the main absorption line is atomic in origin or if a band picture is relevant must be addressed.
In the past, many workers have attempted to explain the complex phase diagrams from the perspective of linear combinations of the endmember compounds. Park et al., 4 based on Mn 2p x-ray-photoemission spectrum ͑XPES͒ and O 1s absorption, support the double exchange theory with mixed valence Mn 3ϩ /Mn 4ϩ ion. They were able to obtain approximate spectra of the intermediate doping XPES spectra by linearly combining the end-member spectra-consistent with a linear change of spectral features with doping. However, the significant discrepancy between the weighted spectrum and the prepared spectrum ͑for given x͒ suggests a more complex doping effect. Subias et al. 5 examined the valence state of Mn utilizing Mn K-edge x-ray-absorption near-edge spectroscopy ͑XANES͒. Again, a large discrepancy is found between intermediate doping spectra and linear combinations of the end members. They suggest that Mn does not fluctuate between 3ϩ and 4ϩ ͑not ionic͒ and find a unique magnetic signature for Mn using x-ray magnetic dichroism measurements. Systematic shifts in the absorption edge position with doping have been found by Subias et al. ͑Mn K edge͒, 5 Booth et al. Mn ͑K edge͒, 6 Croft et al. ͑Mn K edge͒, 7 Liu et al. ͑Mn L edge͒, and Pellegrin et al. ͑Mn L edge and O K edge͒. 8 Mn K ␤ -emission spectroscopy ͑XES͒ provides a direct method to probe the total Mn 3d spin S and effective charge density ͑and valence͒ on the Mn sites as has been shown in our previous work on the manganites. 9 The main line position and satellite to main line ratios depend both on the oxidation and the spin state of Mn. The details of the multiplet structure depend on the 3d spin alignment ͑high spin vs low spin͒ and point group symmetry of the Mn site ͑crystal field effects͒ to a lesser extent. [10] [11] [12] XANES spectra ͑as will be seen in detail below͒ are determined by both the local structural arrangement about the Mn site and by the valence of Mn site. Hence, the combined measurements can be used to ascertain differences in both the valence and structure in manganite systems with different cations ͑La and Bi͒.
In order to understand the trends in valence and local structure of manganites, we have performed complementary Mn K ␤ emission and x-ray-absorption near-edge measurements of the distinctly different manganite systems La 1Ϫx Ca x MnO 3 ͑La/Ca͒ and Bi 1Ϫx Ca x MnO 3 ͑Bi/Ca͒. We have found that reduction in the amplitudes ͑and enhancement of the width͒ of the main lines in XANES are due to the presence of structural distortions, suggesting that the main line intensity profiles can be used as indicators of distortions in these materials. Furthermore, we compare the XANES spectra of AMnO 3ϩ␦ ͑AϭLa, Pr, and Nd͒ for varying O content where the magnitude of the JT distortion is known to vary systematically. In these materials, the mainline profile is a direct mirror of the degree of JT distortion. 13 Powder samples were prepared by methods similar to those used in other studies, for which a large body of transport and magnetic measurement exist in the literature. Fluorescence measurement samples were prepared by finely grinding the materials and brushing the powder onto adhesive tape.
II. EXPERIMENTAL AND THEORETICAL METHODS

Samples of
The Mn K ␤ fluorescence measurements were performed at the National Synchrotron Light Source's ͑NSLS͒ 27 pole wiggler Beamline X21A. The experimental setup, which consists of an analyzer and detector in Rowland circle geometry, is described in Ref. 14 and previously published data on the manganite system can be found in Ref. 9 .
An incident energy ͑ប͒ of 6556 eV was selected using a four-bounce Si͑220͒ monochromator. The incident energy was calibrated by the known Mn metal K-edge-absorption inflection point ͑6539 eV͒. Five spherically bent Si͑220͒ analyzer crystals were used to resolve the energy of the emitted photons, ប⍀. A solid-state Biclone fluorescence detector was used to measure the fluorescence radiation. The absolute fluorescence photon energy was calibrated from the elastic scattering peaks of the sample at the same position utilizing the known incident energy. Error bars are determined by assuming a Gaussian distribution in the number of counts at each energy point. The x-ray-absorption spectra were measured at beam line X19A ͓room temperature in fluorescence mode ͑Ref. 7͔͒ using Si͑111͒ monochromators ͑with 1/4 and 1/2 mm vertical slits, respectively͒ Normalization of the data followed standard procedures. 15 The theoretical XANES presented here were computed using the RELXAS programs. 16 The spectra were generated in a manner analogous to that of Ref. 17 except that a direct inversion of the scattering matrix was carried out. A complex biconjugate gradient algorithm was used to effect this after the scattering matrix was preconditioned by diagonal scaling ͑see Ref. 18͒. The potentials were computed for perovskite structures, based on clusters containing the first 142 atoms surrounding the absorber, obtained using the program MSCALC. 19 In this way, accurate interstitial and atomic potentials were derived. The XANES spectra were then computed using the muffin-tin potentials from these calculations but including only the atomic potentials from a given number of shells corresponding to 7, 21, 51, and 87 ͑or 85 for distorted LaMnO 3 ͒ atoms, respectively. The maximum l value was set to 3. In determining the phase shifts, the wave functions were computed with a X-␣ exchange and with a Mn core hole width ͓half width at half maximum ͑HWHM͔͒ of 0.580 eV added at each point in space. In order to examine the details of the computed spectra no experimental broadening ͑Gaussian͒ was included. We note that qualitative improvements can be obtained by utilizing self-consistent potentials in place of the Zϩ1 approximation used in these calculations. But these improvements do not alter the trends observed here ͑see Ref. 17 , and references therein͒. The zero of energy given in the computations is not the ionization threshold. Self-consistent field computations are required to define this point in the absorption spectra. Only relative energies between features have meaning. We point out that these calculations are not atomic but include hybridization through the overlap of the potential ͑charge densities͒ of neighboring atoms. In the limit of very large cluster size one obtains band structure results.
III. RESULTS AND DISCUSSION
In order to separate the changes in valence from the changes in structure, we compared x-ray-emission and x-rayabsorption spectra. In Fig. 1͑a͒ we show the K ␤ emission spectra of La 1Ϫx Ca x MnO 3 as a function of Ca doping. In previous work, 9 the La 1Ϫx Ca x MnO 3 system has been discussed in detail, and it is shown that a spectrum for a given value of x is a mixture of the end members. Here this doping system is remeasured, and normalized to give the same area under each emission spectrum. ͑The spectra are normalized to produce a constant emission probability of the Mn K ␤ lines. This enables quantitative analysis of the transfer of weight between the satellite and main line.͒ In Fig. 1͑b͒ we show the XANES of the corresponding samples. The absorption edges are systematically shifted.
In Fig. 2͑a͒ we show the Bi 1Ϫx Ca x MnO 3 K ␤ emission spectra over a region in which the system is always insulating. The shifts of the K ␤ emission spectra are similar to those found in La 1Ϫx Ca x MnO 3 -indicating the same trend in valence in both systems. In Fig. 2͑b͒ we give XANES for this system. Unlike the La 1Ϫx Ca x MnO 3 system we observe significant changes in the shape of the main line B feature. The main line B-feature intensity drops significantly at low calcium content. Indeed, extended x-ray-absorption finestructure measurements on this system reveal that large local structural distortions exist in the low calcium doping range. 20 It is worth noting that the presence of local distortions ͑ferro-electric of ferrodistortive͒ in ATiO 3 (AϭCa, Ba, Pb) produce dramatic splittings of the main line B feature in multiple features. 21 In Fig. 3 we compare the XES spectra for Bi 1Ϫx Ca x MnO 3 and La 1Ϫx Ca x MnO 3 for xϭ0.4 ͑a͒ and 0.6 ͑b͒. While the XES spectra at higher Ca dopings are similar, for lower Ca dopings the Bi spectra show shifts in the main line indicative of a difference in covalency ͑The effects of covalency on XES spectra are discussed in our previous work 9 ͒. The comparison of the XES in Figs. 1͑a͒ and 2͑a͒ reveal that the Mn valence of same doping levels ͑x͒ in both systems are quite similar. Based on this result, we can focus our discussion on the local structure distortions obtained from XANES spectra, which are sensitive to both of valence change and local distortions.
In order to understand the nature of the changes in the XANES with doping and the origin of the pre-edge features, multiple scattering Mn K-edge calculation for clusters of various sizes have been performed on LaMnO 3 and CaMnO 3 . An ideal perovskite model ͓cubic with Mn-O bond of 2.018 Å based on the structure of CaMnO 3 ͑Ref. 22͔͒ was constructed for LaMnO 3 and compared with a model based on the known JT-disorted structure 23 ͑room temperature neutron diffraction data with three pairs of Mn-O bonds at 1.968, 1.907, and 2.178 Å͒. These model spectra were compared with spectra of the known orthorhombic ͑but almost cubic͒ structure of CaMnO 3 ͑Ref. Polarized XANES computation performed on LaMnO 3 by us and others 3 show that three separate 4p state components are associated with the different Mn-O bond distances.
Our model calculations indicate that local structural distortions will lead to broadening and splitting of the main line B feature. Recall that for the Bi-Ca system, the main line broadening increases with Bi content is extremely strong ͓Fig. 2͑b͔͒. We associate this strong broadening with the presence of strong local distortions induced by the Bi substitution. The broadening of the main line B feature of pure BiMnO 3 ͑Ref. 20͒ and the similarity of the XES in the Bi-Ca and La-Ca systems support this association. We note that the pure electric quadrupole intensities in the near edge region ͓Fig. 5͑a͒ inset, for a 51 atom cluster͔ are found to be small compared with the dipole transitions. In Fig. 6 we make direct comparisons of the large cluster dipole transition calculations from Fig. 5͑b͒ with the corresponding experimental data ͑energy was aligned to XANES main peak͒. It clearly shows that the major features of the absorption spectra are present in the dipole calculations. While the gross features are well represented, we note that the amplitudes of the features are not well modeled. This is due in part to the limitation of the muffin-tin approximation used as well as the lack of experimental and finite temperature broadening. Note that the states observed in the pre-edge region ͓Fig. 6͑a͒ inset and Fig. 6͑b͒ inset͔ require large size clusters for proper treatment indicating they originate from bandlike final states.
A detailed comparison of the calculated pre-edge features to experiment is not possible because of the absence of 3d-correlation effects in the calculation. However, the preedge dipole calculation results for the e g states ͑hybridized with O ligands͒ features, shown in Fig. 7͑a͒ ͑energy was aligned to XANES main peak͒, are worth noting. In the absence of correlations, the Mn-e g band is empty and Mn is in a low-spin state. For the undistorted-LaMnO 3 calculation, the dipole-e g -state absorption is manifested by any single sharp pre-edge peak ͓see the dashed line in Fig. 7͑a͔͒ .
In contrast, for the JT-LaMnO 3 calculation, the roughly 0.9 eV, JT splitting of the e g feature is dramatically apparent in Fig. 7͑a͒ ͑solid line͒. A similar JT splitting of the e g states would also occur in a band structure calculation. 24 For qualitative purposes we will therefore use the calculation results in Fig. 7͑a͒ as a guide to the effects that a JT distortion would have in a locally correlated band structure. In the correlated case these e g states are spin polarized, partially occupied and the Mn is high spin. This partial occupancy is indicated in Fig. 7͑a͒ by the placement of the Fermi energy (E F -c) in the center of the e g -related feature, Here the Ϫc emphasizes that this is a correlated-case Fermi energy superimposed on an uncorrelated multiple scattering calculation. In the undistorted-metallic case there are empty ͑high-absorption cross section͒ states just above EF-c. In the JT case the unoccupied state peak is split to higher energy. The down-split JT feature is occupied and cannot contribute to the final state absorption cross section.
In Fig. 7͑b͒ we show the pre-edge features for La 0.7 Ca 0.3 MnO 3 : at 300 K, where it is in a local-JT, insulating state; and at 15 K where it is in a metallic state with the JT effect suppressed. The local-JT to metallic change induces a subtle, but reproducible, enhancement in the lowestenergy a1 pre-edge feature. This enhancement is consistent with, the collapse of the JT splitting in the metallic state and the transfer of unoccupied states to EF-c as seen in our calculation. Thus, our calculation motivates the identification of this pre-edge, a1-feature enhancement ͑at 15 K in the metallic phase͒ as due to the suppression of the JT splitting. Detailed temperature dependent XANES measurements by Bridges et al. 25 and combined XANES and XES measurements by our group 26 support our analysis. The Mn 3ϩ end members (AMnO 3 ) are known to exhibit large JT distortions in the MnO 6 octahedral when prepared by annealing in inert atmospheres while exhibiting significantly reduced distortions when prepared in air ͑producing A site defects͒. 27 To reinforce the effect of JT distortions in XANES spectra, we display the absorption spectra for LaMnO 3 , PrMnO 3 , and NdMnO 3 annealed in Ar and in air ͑Fig. 8͒. Again, note the significant broadening of the main peak which occurs in the JT distorted Ar prepared samples. In addition, the standard deviation of the Mn-O bond lengths from average increases in the series La, Pr, Nd. 28 This is reflected in the widths of the corresponding spectra.
In terms of the sensitivity of the XANES spectra to structural distortions, LSDAϩU calculations by Elfimov et al. reveal that the 4p states on Mn sites hybridize with the 3d states on adjacent Mn sites. Supporting this approach, our calculations show explicitly that, the main line and the preedge features are indeed determined by band structure effects-requiring clusters of large size to reproduce their shape. In addition, the dominant 4p level splittings are due to changes in the local Mn-O bond distributions. A band structure approach must be considered in modeling the resonant inelastic scattering in these materials.
The ability to model the XES spectra with weighted endmembers ͑compared to the XANES spectra͒ is made clearer. Subias et al. 5 showed that at xϭ0.33 of La 1Ϫx Ca x MnO 3 , the main line of measured spectrum is sharper than the corresponding linear combination of the endmembers. This suggests that the JT distortion as a function of x fall off faster than a straight line between the endmember distortions.
IV. SUMMARY
Comparison studies of the perovskite compounds system R 1Ϫx Ca x MnO 3 (RϭLa, Bi) by both Mn K ␤ emission and x-ray-absorption near-edge spectra were presented. The x-ray emission measurements were found to be similar for these two systems, revealing analogous valence changes with doping ͑x͒. On the other hand, the XANES spectra of the corresponding Bi and La materials, with the same doping, have quite different shapes-revealing significant local distortions. Thus the combination of XES and XANES allows one to probe the presence of local structural distortions. Theoretical XANES computations for pure cubic and distorted perovskite materials are used to show the effects of local disorder ͑distortion induced bond distribution͒ on XANES. The main line amplitude falls and the width increases with enhanced local distortions. We show by explicit computations that the main and pre-edge spectra are determined by dipole transitions while pure 1s to 3d electric quadrupole transitions contribute to a very limited section of the preedge region-at much lower energies than previously studied. Simulation of the pre-edge features reveal a direct connection between local distortions and the a1 feature amplitude. The Bi containing system is found to have significantly higher levels of distortions than the La systems. A systematic measurement of the Mn 3ϩ end members AMnO 3 ͑AϭLa, Pr, and Nd͒, reveals a direct relationship between the main line width and the magnitude of local JT distortions as well as the trends in the a1 feature amplitude.
We have shown that JT distortions play a dominant role in determining the shape of the main line Mn K-edge profile in manganites. However, refined measurements are needed to separate the spin and spatial dependence of the K-edge spectrum. Spatial and spin polarized Mn K-edge measurement on single crystals and films are in progress. This additional work may enable a complete decomposition of the absorption spectra and facilitate a direct comparison with bandstructure 2 and cluster computation of the Mn p partial density of states in these materials.
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